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4Tl CsPbBry £56K 9 K BH fiEg i 1t R LA R (4 R P 52 310132 5@, (U5 8K0 2 A BROE | 45 bk
B2z RIMBFAE 2 MUK Fae th 22 556, T E K 4 T 2 TCHL CsPbBrs 858k 9 K FH AE HL 1t 14 5 1) 52 = A1 i
b Ak & . A SC LA TG 2 TR 2 1Bk 3 CsPbBry #54K 8™ K BH BB HEL Jt/E M=l 41, 78 PbBr, BRI 5| AR
FEHKF BT HERIRE LI (polyvinylidene fluoride, PVDF) E M INFI, J55 CsPbBrs #5880 WL 19 A= &
TE AR, A A S AL AR 2 B AT b 2 T IR SR A2 G L. 45 2R 3R], PVDF Ab B 5 Bk 281 10t
RYEREAS B T W35 0%, R OR IR R 2 8.17%. JF HLAE o E 2 40 T - 47 1400 h )&, St L L e 300R AT
APREF 90% DAL 35X SR WIE U i PVDF Al LUA &4 4k 5 CsPbBry W% It i K 5 PR PERE . A TAREXT2E— 2240
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# (power conversion efficiency, PCE) M 2009 4F
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A LS K EAEAER E P 1 2016 4F, Su 5% 12
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IAIERCR; JEARR, R FE L B T2 Al
&4 %5 7 Uk — 3 CsPbBry-PSCs i) PCE &
10% LA | 014151 B4R CsPbBry-PSCs FUTEREC 44
THRIETE, BT CsPbBry #HRIR BT, 2
MFEAE, SER AL, BB B CsPbBr,
W M ) e o £ AT R A A AR R4 s ). H
R, OS50 TR 0O R St AR 07 Rl Ak
JEE St 1) 32 =, R A R TR R A ) AR A
VW g LA Bl Ak 4y o ok 42 ) 4 s R R el A ik
B, HLAT AR TR B | R 0 3 S O A5 18, A S B
B AL At A8 i, Bl Ak 700 43 19 B fig A1 mT LG it
Y5 CsPbBry 1 5 v A i 1A 4 S ok B A3 R
BEAERBA, IMTIE S 8+ A, 38 m ARk,
[, 30T DAE 5 | AR AT 8 S 25 i AL 5 9
P25 CsPbBry HIE AT K P, T 45 s i 1 )
XHE{AHE [19,20]_

RE W) E5ER K BH R f it P S5 AT R s
R Z—, FIFERS R 2 st 5 | ARG Wi iniil ok
BCEAS R I, AT iR BT . S
ik [21] HidE, AN AT S5k Y A
B A SR A EAE I R i R, BT LA
T 5 Ak TR A A A B K PR B
FHER R EPE. Chang % 221 3 52 78 £ 4K W 1T IR 4
W INA R 2 — 1 (PEG), K845 k5 2 iy
A, ffi PCE M 10.58% #2 & %] 13.2%. Qi 55
fdi PR =L T HRNE (PHB) FRARESEkA™ W5 5 1Hi

TRABE SR, K15 T 20.2% ) PCE. Bi % 24 fii
PSR B RE MR I (PMMA) S 45 A5 4K 4 i
KRR, S5 T 21.6% BIEHACR, IAIE PCE
H 21.02%.

KU LM (PVDFE) M8 AR BE . & A 5 /K 31
BT HAEARKZEURAYE:. Cab T Ut
i 2 0HkEE MAPDL; #58k8 K FHAE R it , PVDF
YR IR b 5 T B R TS 1) 245 o o
ok T IS Sy e o 8 B8, T AT RO R T A Y
PCE . #faue PEFsrEEtese Pk 2. PVDF /A3
AT (Csgo5F Ag.gsPblg)g.s5(MAPDBr3)( 15
FEERT K BHAER M, PVDF 15 4k KA AL 1T
FHER MR A AR, 0 T S ARG R
FEAS, M ARAS M RE AR Fa e P Al R 4 (26, AR Jf
DL B, AR SCUAAS 5 28 AL i J2 A Al 35k 4= T AL
CsPbBry 858k HL L/ I AFFE X 4, LA PVDF 1E
R IFIG A PbBr, BTIKIRE W, R £ 4

W45 CsPbBry 58K WUk 2 728 DLES K™
T2 KO RS 1 CsPbBrs 8 H
F454°% FTO/c-TiO,/m-TiO,/CsPbBr;/Carbon
fRHEL T AR B3RS 8.26 mA Jem? (6 B L I
B, ES R R BH BE FE T 28 R P RICR N 6.81% $
F 8.17%, HEEMHILR.

2 XEEa

AR 2% 1 4 TEMLAS R R BA AE L L L — 4R
fLEK (TiO,) S FE 2, MR UL tite 1
fik (Carbon) M iF A, IVRILHT (PbBry) FYRAL
H (CsBr) VERE5ERH" 2 M AR, BR T B i 45
R SRR R R R T B NERIEZ SN, I
BAE e S0h s . @t il PVDE A&
FARFETI A PVDF %} CsPbBrs PSCs ERERISM.

2.1  SEIGHRL IR F

FTO FH B ZIM A FTO WP . TiO, &

B (30NR-D) W F1L 7L e 47 e AL A BR 23\l
BRI NG (95%) . FINEE (IPA, 99.5%) N, N-—.
3 H @t e (DMF, 99.8%). & W% (99.5%) . H B
(99.8%)M T 42T ; AW LM (PVDF), i1k
i (PbBry, = 99.9%). IR 1L 4 (CsBr, = 99.9%)
WA F 74 4 5 3R GHRH A TR A ) 5 IR (7
FH < 30 Q) W Tt 5t AR 0R A BB A BR 2 A
A BT R FIEGR 28 E 4, R —2D 44t

2.2 EREMHE

AR S BT AR A I R R T 1 A IS 2 A R
B A S SR BEZI 0 R (FTO), ZE4f 1T
BX} FTO #HEAH] FTO WVeik . S NmE ., .
BT OK AT N BEAE R A T 4k 15 min,
B 7R o TR O 5 B I BERLT, LA 40 W )
AR 5 min JHCHFRA.

il £ TiO, B8 )2 . 7838 KU it Ik 21
WAL . SRR F N ERHE 1 mL:8 puL:40 pL AR
FEEAERE PR MR UOI AR, B A E
TR e, DL 3000 rad/min (30 s)
1) 2 A1 4 T ) 25 S WOE VR T FTO S I, Jf ik
iR K iR RS, JE7E 150 C T iR K 15 min,
SRIGHE 500 C B b b IR 30 min; KA G
) Ao JES ¥ 40 76 T 1 4 1) 40 mML TiCl, K&
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IEAE 70 °C HER IR 30 min, FEFHEB PG
FATIK 2 TiCl, KB, e/ FRRIBOA 500 C
g R 30 min, FIRAHGE FTO 41K L
PAg TiOy BUFZE (c-TiO,).

il £ TiOy L2 . ¥ TiO FEHHFN & B H% 5T
WL 14 SR TECH, TRA VAR AR T E 2
60 DL IRESMEE L, 5000 rad/min [
ZAFFEBUE)Z LHEWR 30 s, HRaEATIR AR R b
45 BRI 80 C MEAT AL ] 40 min J5 4 A
500 °C By bR IR 30 min. ¥ E1F))E KRR R
WAERC A9 20 mM TiCl, KW, 76 70 °C 4t
i PR 30 min 55 YRR 2 30 TiCL KIF R,
B AT A 500 °C D 3B p A4 HR 30 min, %=
A HE38] TiOy M L2 (m-TiO,).

il % 5 Bk W 2 . 43 i Sl 1 mol /L
0.07 mol/L ) PbBr, & CsBr &, #7153 N,
N " HILH LG (DMF) F1H B (MT). Wl)Z %
M Z ARk 4: 1586 FTO/c-TiOy/m-TiO,
o I AE B - DA — 5 T BE TR, ¥ PbBr, 1 WM
InfERH R L, L 2000 rad /min Y Z5FIERR 30 s, Sk
JE7E 90 °C #H FiB 2k 30 min 3545 PbBr, J2; 1E
FFIE L m CsBr %W, LA 2000 rad/min (1 4% 1
e 30 s, SRIGAE 250 °C #ubi ik 5 min P&
BRBR BA O, FE IR T BEYR 5 YK CsBr RO
iRk, RIAT RS2 AR CsPbBrg £55k0 2.

A5 T FLA . FEAS IS SR FH 22 X BTV ) 7 3 )
VRBR EAR, R F AR A TR 0.1 em 2, B EITR
S B BCE T 100 °C #bi FiB 2k 20 min, 58 A
WS AR A1 B, B33 FTO/e-Ti0,/m-TiO,/
CsPbBr;/Carbon 45 14 1) 55 B8 A FH AE H L 5 7F
A ATEPEE AN 0.1 cm 2. CsPbBry H#ARAY
il T2 A 1(a) PR,

2.3 WX5RIE

FH R B R S8 (Keithley 2400, Zolix) F
FE It B 0L R e AE A o K BHOBAR S R Ot iR
£ AM 1.5G, 100 mW /cm?), U5 T %6 % i %
FERTT I H R ph 28, BP J-V ik, DA a4 10
StARPERE. i X PR (X-ray diffractiaon,
XRD, D8fucox, H'ERF=Re BALEARBIFEIT) FE
F )1 B (atomic force microscopy, AFM, H
Bl B R (b at)) X B R B SR AE . foff A
A5 4 21 4 (Fourier transform infrared, FTIR,
TENSOR 27, " EHb i K2 (dbat)) Stk am it
@ Im ) PVDF (947 7615 BL . 8 FH 32 fik o 00 X
(Powereach, H [T 2% (FL5T)) FIHT HERR A
AP I X L TFRERE (X-ray photoelectron
spectroscopy, XPS, ESCALAB 250Xi, H[EF}2
B BRALEARMWTIEIIT) S B0 TG 3R A S o044
AR 2G5 4h-1T WSO (ultrav-
iolet-visible spectroscopy, UV-vis, Cary 7000, 1
FERL = B AL RIS T ) 20 3 B ks v i
MW SR . SRt (photoluminescence, PL, H
Bl b BT R (Abat)) RO & R .

&R 5tk

LR W SO ) o A YR e R
fig. A9 EKH], PVDF 195 AR LLE S A PL-JC
PR ESBk f R A A 7 A 00 H v L il R
i, AR R (B HTT PVDF 7€ CsPbBry
I R R 8 v 1 R o AR G A TR
5% PVDF X4 JCHl CsPbBry F55k 0 i i A4 K
FJEERLEE, # PVDF 5] A PbBr, HiSRIAZ R,
TRITHST CsPbBry Wi S A e = A 5 ).

3

¢-TiO, / m—TiOQ/ PbBr, / csBrxs/

CsPbBrj

B e R S i

150 °C 80 C

90 °C

250 C

Anneal temperature

E 1

CsPbBr; w15 (1) i 4 1. 2 4]

Fig. 1. Fabrication process of CsPbBrj film.
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3.1 #m%| PVDF 3t CsPbBr, $55k% &%
Y018 B T 5% B 22 Nl

JHR5E PVDF AREINEXT CsPbBrs #E )
AR AR B, 491 0, 0.3, 0.5,
1.0 mg PVDF fil A 1 mL PbBr, (DMF) FigR{&iA
W, CsPbBry 8 1 HAD T 2 S50 5L 5038 o
FLERD W2 (0 il 28 TR R T

TEZ R T 2014 CsPbBry Wi F
B el B PoBr, WA T CsPbBry Y RAZ
L R A AR KB 48 29 B, PbBry J2 19 B R
TE—EFLE FYesE CsPbBry 555k W Y e 4 i
. ONWMEA NG PVDF 43T 5 PbBr, #iE K
JESEAR, 5] A SEM KRAE PbBr, AR R HIE

$i, AR 2 iR, F 2(a)—(d) 4390 0 A [H] v
[ PVDF AL ¥ () PbBr, # KA SEM K. Al L)
F i, HE A PVDF AP () PbBr, K HA BH
WZ)Z . 2454, T PVDF HAERK LN
REWEE, HHT PbBry VAL R _E 0 8 30,
fE ik S A B, 77 A KO PbBr, f %, TEVE 5 58
SR G AR EA Bl 2 )2 LIRS 1) PbBr,

T #E—HAE PbBr, #EXT CsPbBr; 554k
WBIES A, T SEM #A4FE CsPbBry il
FIZRTEIESN. S5 uE 3 B, K 3(a)—(d) 4314
AR E PVDF b FE Y CsPbBrg Y SEM 8
R, ATRAEH, 5RZ4H ) CsPbBry W EAH L,

Kl 2 RIEIHE PVDF 43 ) PbBr, # M SEM E{%  (a) 0 mg/mL; (b) 0.3 mg/mL; (c) 0.5 mg/mL; (d) 1.0 mg/mL
Fig. 2. SEM images of PbBr, films treated with different PVDF concentration: (a) 0 mg/mL; (b) 0.3 mg/mL; (c) 0.5 mg/mL;

(d) 1.0 mg/mL.

E 3 KR EE PVDF 43R CsPbBrs iK1 SEM &1

(a) 0 mg/mL; (b) 0.3 mg/mL; (c) 0.5 mg/mL; (d) 1.0 mg/mL

Fig. 3. SEM images of CsPbBr; films treated with different PVDF concentration: (a) 0 mg/mL; (b) 0.3 mg/mL; (¢) 0.5 mg/mL;

(d) 1.0 mg/mL.
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[’ 4 PVDF ALHERT)S CsPbBr; M AY AFM K% (a) #5140 (b) 0.5 mg/mL PVDF
Fig. 4. AFM images of CsPbBr; films before and after PVDF treatment: (a) Control; (b) 0.5 mg/mL PVDF.

PVDF AbBHJ5 B CsPbBry KA IR 3558 4, 2
TGP, WA W LB, HEA /N S5
B A kL, Hor, 0.5 mg/mL PVDF 4k
Y CsPbBry B A ok R T e K. R4 PVDF
AEBRAY CsPbBry S B K LI, b A
K. RIEATIE A TRRAL, 202K CsPbBr
IR A AR R, 5 R E A R S A A R T e B
G, HE T B0 10 R I B RIS R,
ICHIE RN PVDFE 0] LIk 3% CsPbBry 1)
TS, D/ i AR LR ZE ), Il /)N s B 2 %
P REARIESR ST 2 &, SRS A a4k e 1 DL &
LM AR RE T, 1 B S g R i P e 1.

g it — 2 WLEE CsPbBry K 1918 55 3 4, %)
# . PVDF Ab3fY CsPbBry Wi T AFM Mz,
SERANK 4 frR. Zext PVDF Zb3E(%) CsPbBry 38
JEAE w2 HA5), SR R SHE B Ak W
BB R EH L, HR AR R . AR ES SR
AT

h T 2 R AE SR AR T, XA TR N
#] PVDF 4t 3 CsPbBr, 4T XRD M3z,
Bl 5 . it 5 #, A& i3 PDF#54-0752
CsPbBr;, PDF#54-0753 CsPbyBrs Fll PDF#54-
0750 Cs,PbBrg 19 A7 5 1% . XRD & 1% 7£ 15.18°,
21.55°, 30.64°, 34.37°F1 37.76°4b ()47 5 43 1] Xof
I TF CsPbBry fifAH (100), (110), (200), (210)
(211) &b, L R]EE X6 57 f & T 18] 15 43531 4 5.83,
4.12,2.91,2.61 f12.38 A (1 A =100m). K5
Al A5, P4 AR R B PVDF AR CsPbBry
RS LA A [R] B AT 0, SRS I PVDE Y4k
BRZSE CsPbBrs MR ALK, % PVDFE

B ER N B 34K, CsPbyBrs fifR A T 11.65°4b 1)
RS 7 T 2155040 BT S48, Ui W
2t PVDF Ab B 5 CsPbBry M5 (1 5 1A 45 44 U
# (110) fhl A K, CsPb,yBry 8 %0, H
ffi 1 0.5 mg/mL PVDF 4k 15 %] ) CsPbBr, #
2 B A

# PDF#54-0752 CsPbBr;
x PDF#54-0753 CsPbyBrs
4 & PDF#54-0750 Cs,;PbBrg

# #
* # * * g &* * A 1.0 mg PVDF

A HU.B mg PVDF
h A [ ﬂO.S mg PVDF

10 15 20 25 30 35 40 45 50
20/(%)

Intensity/arb. units

Kl 5 PVDF A [a) 4 ik 97 1 # 19 CsPbBry W ) XRD
P 1

Fig. 5. XRD patterns of CsPbBrj films prepared with differ-
ent amounts of PVDEF.

JitE— BTN PVDF % CsPbBry £5%k
WAV E HIFLER, XA PVDF FiJ5#) CsPbBry
T T XPS M, A EIE C 1s IS5 A g
FETE 284.8 eV K HoA e (WA, 25 AN E 6
fii7R. & 6(a) A PVDF AbBERTJS AY CsPbBry # i
) XPS 4xi &, PVDF AZbH g e i rp 4 e T
Cs 3d, O 1s, C 1s, Pb 4f D) 2 Br 3d Ay, 104,
PVDFALFRJE ) XPS i s BT F 1s 115
S, X ERE PVDF A R K Fe b og 4
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Control
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Binding energy/eV

Kl 6 PVDF ARG 41 CsPbBry #iE  (a) XPS 213 El; (b)—(d) 4 5IXF1 Cs 3d, Pb 4f & Br 3d 1Y 53 HE% XPS Eli
Fig. 6. XPS spectra of CsPbBrjy films prepared with different amounts of PVDF: (a) XPS full spectrum; (b)—(d) correspond to the

high-resolution XPS spectra of Cs 3d, Pb 4f and Br 3d, respectively.

O3 ZEK, RIBAEAET CsPbBry M. 15 6(b)—
(d) 4+ %1k Cs 3d, Pb 4f LA K Br 3d 19755 73 9
F XPS % &, PVDF 4t 3 5 19 CsPbBry 1 5 ()
Cs 3d F1 Pb 4Af AU 32800 1) B8 S 455 RE R J7 )
KA, Cs 3ds o HIWEE AL E N 724.2 eV I
7 724.4 eV, Pb dfy ;o IE(EAIE 137.9 eV K
# 138.1 eV, 1 Br 3d WA AR A IR, Ui
PVDF #ifb T 858k 0 rhliiE 25 (%) Pb2+Hil Cs*, BEAIK
TESERETZ T R B A R 2L 4R ST [14] 4R,
AR A AR P S - TR B A A 3 5k 2 808
BCRE ARG, T I 2 i bR M R 25 b 8 g 2
2. F B PhEA RGN, iR
P R FHTHEAT , BSER AR PSS (R A LA A
s, MM T L85 8 124t #2, fAe T 85k
e, s T HAz e k. ik, e H PVDF Xf
CsPbBr; MK HEFT 4P )5, PVDF H1f{) F 5 Pb2t
M CstHIZE A, itk T CsPbBry ST BIEE, 5k
3T AR E B AR T

g T A CsPbBr; S5k i h PVDFE
FIAETE, MK T PVDF 4 HEFTfS CsPbBry #iEAY
B AR e T A, HZ5 L Kl 7 7R, PVDF
AbBR S () CsPbBrs #BE Y FTIR JGiEH, #ECh

1187 con 4 U3 T PVDF Y C-F {1 45 3% sh451E
i, W] PVDF $ I MA T CsPbBry #i i i,
HHISC XPS Byl R —2k.

— 0.5 mg PVDF
—— Control

N

vC-F 1187 cm~!

Absorption/arb. units

T

1400 1200 1000 800 600
Wavenumber/cm™1!

B’ 7 $EHIZA 0.5 mg PVDF 43 E) CsPbBry TifAY FTIR
ik
Fig. 7. FTIR spectra of control and 0.5 mg PVDF-treated

perovskite films.

9 T W5E PVDF AbFEX} CsPbBry i H /K 14
B2, X} PVDF AbBERETJ5 B CsPbBry B HE T
T KA, 5 ANE 8 iR, PVDF Ab B
J& CsPbBrs #ERZKEEflA 5358 57.30°H1 66.31°,
W4k PVDF 4bHifli CsPbBry Wl E KM, 3
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IR TR E B K F#l PVDF KEEMAFEAE, 76
BEERAT MR T BUAEGR B KR, (s KR
WS, XA B T4 CsPbBry WS K #5417k
T

5l 8 PVDF AbFTT G CsPbBry M KM 0., (a)
M4, 6., = 57.30% (b) 0.5 mg PVDF, 6, = 66.31°
Fig. 8. Water contact angle 6, of CsPbBrjy films before and

after PVDF treatment: (a) Control, 8., = 57.30°%; (b) 0.5 mg
PVDF, 6,, = 66.31°.

HRAE L _E o4, #E0 DL PVDF /RS B8
FI 25 CsPbBry F5ERA WL Y AE K e AR L
AN 9(a), (b) Fin. PVDF A &K 1 2 1R
G YEE, AR TS ERT /T IR A I b i
J&, Hi 3R [26] Hiif, 7EIR G AR b A T 0 25

9 PVDF il % CsPbBr, £54k%™ i 14
Fig. 9. CsPbBr; perovskite crystal prepared by PVDF: (a) Schematic growth process; (b) mechanism of action; (c) structural

schematic of the device.

00RO
OOROROROY
OROROROREKO

K, BT F, Ht5 Po2+ Y & 1 S S BEA B AR,
PVDF 1 e b7 i i W 48 5 b, i 505 Ak 1 e s
A K BB, AN 9(a), (b) Ffs. 7EB Ao FE
PbBr, 1£ RGN 45K i I BSOS ey, A
Ml CsPbBrs ik EK. 1A, PVDF {R B 7E
BRI S PO SR, RRASIE AL Bk T
MY ZS AL, KRB EG AT R T i SR, DA T4 /5
R KR E M. FEE, BT R EAHK TR
PVDF KAEMAFAE, TEESERW 2 TP R 1 5 /K
JZ, {#i CsPbBry WA Y B /K P IA 54 .

3.2 &% PVDF 454k H AR 45 14
s

FHEAWESE PVDF B IIART S5 SR RO 2
PERERURZ I, Xt CsPbBry HEMFEAT 28 41 mT DLz i
MK, AP 10(a) FiR. ATLAEH, X 4 SRR
FE 450—600 nm I B P 2 3 H AN [R] A R
PVDF WA AT LATE—E 2 | k3% CsPbBry
BRI RE ) X AT LUE AT PVDF B95| A$gE T
CsPbBry ¥R ) HH 20 B AV 35 %, T A5k AR A
2l B R T R 4 o A R T TR B i . O
H1, M 0.5 mg PVDF i CsPbBry i E M6 12
R, X5 XRD 45 AT

W FRAS PL OGS RAE T A [E PVDF &l
XA IR B A O G I RE s . F RS PL
DR RE A EHETRE FTO 247 1Y CsPbBr
WS, WAL L) (ETL) FizsXflfi)2 (HTL),

Carbon

CsPbBrs (PVDF)

m-TiO,
C—TiOQ
Glass/FTO

(a) AR A (b) FEFIPLEL,; (o) SIS TR IR
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& 10  PVDF A[al It A il £ 49 CsPbBrs i (a) UV-vis IR (b) #2745 PLOGIER
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Abstract

Recently, the power conversion efficiency (PCE) of organic-inorganic hybrid perovskite solar cells has been
enhanced rapidly from 3.8% to 25.8%, which is a top research topic in the field of photovoltaic power
generation. However, the preparation of the hybrid perovskite solar cells has high environmental requirements,
and the absorber layer is easily caused by the environmental influence and decomposition, resulting in the
degradation of device performance. The all-inorganic CsPbBry perovskite material has good stability, can be
prepared directly in air, and is more economical, showing great potential applications. However, the PCE of all-
inorganic CsPbBry perovskite solar cells is not high, and at this stage, there is still much room for exploring
high-quality controllable preparation of CsPbBrjs films. In this paper, we aim to prepare efficient and stable
CsPbBry perovskite solar cells with additive engineering.

Polymer is one of the most effective additives in perovskite solar cells. The use of polymer additive in
perovskite layer can improve the shape-form, structure, and band gap of the film, thus improving the quality of
perovskite film. Polyvinylidene fluoride (PVDF) is a cheap polymer with hydrophobic F ions and long flexible
polymer chains, and can be used to prepare efficient and stable perovskite solar cells.

In this paper, CsPbBrs perovskite films are prepared by multi-part spin-coating method. PVDF with
enriched hydrophobic F is added into the PbBry precursor solution as an additive to adjust the crystalline
quality of the perovskite film, and the effects of PVDF on the growth process and device performance of the
perovskite film are systematically studied. The results show that the PVDF can be used as a template to
promote the growth of perovskite crystals, improve the crystal structure and film shape, thus reducing the
defect density and charge recombination, and increasing the PCE of the device to 8.17%. The original efficiency
of more than 90% can be maintained after 1400 h of storage under unencapsulated condition. Finally, high-
efficiency, stable and low-cost CsPbBrs perovskite solar cells are obtained, which is important in further
expanding the optimized design ideas of CsPbBr; perovskite solar cells. The PVDF can form hydrogen bonds
with perovskite or interact with lead ions to improve the structural stability of perovskite, and the F ions in

PVDF can improve the moisture stability of perovskite layers.

Keywords: CsPbBrj;, polyvinylidene fluoride, addictive, perovskite solar cells
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